INTRODUCTION
The morphology of decapod larvae is important for the study of the life histories of decapod crustaceans (Anger, 1995) as well as their systematic relationships (Rice, 1980) . The latter in fact provided a key to brachyuran families based on the zoeal characters. Many introductions of brachyuran species into freshwater cachments and marine coastal systems throughout the world have occurred as a result of larvae being transported in ballast water of ships. This transoceanic trade in larvae is recognized as a serious threat to habitats (Carlton, 1989; Cohen and Carlton, 1998) . The invasion by the Chinese mitten crab, Eriocheir sinensis H. Milne Edwards, 1853 (Grapsidae: Varuninae) of the United States of America and Europe is one such example. Therefore, in order to understand this pathway of introduction in detail, the ability to identify brachyuran larvae to species level is important.
There are six species of Hemigrapsus inhabiting coastal areas from the northern Pacific (Kim, 1973; Sakai, 1976; Jensen, 1995) : four eastern Asian species [H. penicillatus (de Haan, 1835) , H. sanguineus (de Haan, 1835), H. longitarsis (Miers, 1879) , and H. sinensis Rathbun, 1929] and two American species [H. nudus (Dana, 1851) and H. oregonensis (Dana, 1851) ]. Among the former, H. sanguineus has been introduced to east coast of North America by shipping over the last few decades and is now well established (McDermott, 1991; Ledesma and O'Connor, 2001; Poore, 2004) . It has also been found on European coasts (Breton et al., 2002) with H. penicillatus (see Noël et al., 1997) . Hence, the description of the first zoeae of Hemigrapsus from the northern Pacific will facilitate identification of these larvae in ballast water.
To date the larvae of six species of Hemigrapsus have been described from the northern Pacific (see Table 1 ). As the zoeae of the genus strongly resemble each other, identification to species level is difficult. Moreover, the study of Hart (1935) is not informative for identification purposes. Therefore, we found it necessary to re-examine these grapsid zoeal stages. In the present study, the first zoeae of six species of Hemigrapsus are re-described from laboratory-hatched material, their zoeal morphology are compared with each other, and a key for the identification of zoeae of the genus is provided from the northern Pacific.
MATERIALS AND METHODS
Ovigerous crabs of five species of Hemigrapsus except H. longitarsis were collected in the intertidal of exposed beach as shown in Table 2 and reared at constant water temperatures of 258C in Korea and 158C in U.S.A. The hatched zoeae were fixed and preserved in 10% neutral formalin. Zoea I specimens were dissected using Leitz zoom stereomicroscope and appendages were examined under a Leitz Laborlux S microscope. Appendages were mounted in polyvinyl lactophenol, cover slips were sealed with clear nail varnish and drawings were made with the aid of camera lucida. Setal counts and measurements were based on 10 specimens for these first zoeal stages. The sequence of the zoeal description is based on the malacostracan somite plan and described from anterior to posterior. Setal armature of appendages was described from proximal to distal segments and in order of endopod to exopod (Clark et al., 1998) .
The first zoeae of four species (H. penicillatus, H. sinensis, H. nudus and H. oregonensis) were fully described and illustrated. In addition, in H. sanguineus the differences compared with the study of Hwang et al. (1993) were described. For the zoea of H. longitarsis, the material of Park and Ko (2002) was re-examined and only the differences compared with their study were described. The long plumose natatory setae of the first and second maxillipeds were drawn truncated. A micrometer was used for measurements: CL (carapace length) was measured from the base of the rostral spine to the most posterior carapace margin and SL (spine to spine length) was from tip of the rostral to tip of the dorsal spine. The first zoeae and the spent females were deposited in Silla University, Korea. (De Haan, 1835) ( Fig. 1 ) Size.-CL 0.38 6 0.02 mm. SL 0.81 6 0.04 mm.
RESULTS

Hemigrapsus penicillatus
Morphology.-Carapace (Fig. 1A-D) : Dorsal spine long, slightly curved, with minute spinules, slightly longer than rostral spine; rostral spine straight, with minute spinules, approximately equal in length to antennal protopod; lateral spines short; 1 pair of posterodorsal setae present; each ventral margin with 6 dentricles and minute spinules; eyes sessile. Antennule ( Fig. 1E ): Uniramous; endopod absent; exopod with 2 long, stout aesthetascs, 1 shorter, thinner aesthetasc and 1 small seta, all terminal. Antenna ( Fig. 1F ): Protopod spinulate distally, approximately equal in length to rostral spine; exopod shorter than protopod, simple distally, with 1 larger and 3 smaller medial spines. Endopod absent.
Mandibles ( Fig. 1G ): Asymmetrical; right molar with 4 teeth and left molar with 1 tooth, confluent with incisor process; endopod palp absent.
Maxillule ( Fig. 1H ): Coxal endite with 5 setae; basial endite with 5 plumodenticulate setae; endopod 2-segmented, proximal segment with 1 seta, distal segment with 5 (1 subterminalþ4 terminal) setae. Maxilla ( Fig. 1I ): Coxal endite bilobed, with 4þ3 setae; basial endite bilobed, with 5þ4 setae; endopod bilobed, with 2þ2 setae; exopod (scaphognathite) margin with 4 plumose setae plus distal stout process.
First maxilliped (Fig. 1J ): Coxa without seta; basis with 10 setae arranged 2, 2, 3, 3; endopod 5-segmented with 2, 2, 1, 2, 5 (1 subterminalþ4 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Second maxilliped (Fig. 1K ): Coxa without seta; basis with 4 setae arranged 1, 1, 1, 1; endopod 3-segmented, with 0, 1, 6 (3 subterminalþ3 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Third maxilliped: Absent. Pereiopods: Absent. Pleon ( Fig. 1L ): 5 pleomeres; pleomere 2 with pair of lateral processes directed anteriorly; pleomere 3 with pair of lateral processes directed posteriorly; pleomeres 2-5 with 1 pair of posterodorsal setae; pleopods absent.
Telson (Fig. 1L, M ): Posterior margin with 3 pairs of stout spinulate setae; each fork long, with row of spinules on inner and outer margins, dorsal surface densely spinulate, tip smooth.
Hemigrapsus sinensis Rathbun, 1929 ( Fig. 2 ) Size.-CL 0.37 6 0.02 mm. SL 0.92 6 0.05 mm.
Morphology.-Carapace ( Fig. 2A-D) : Dorsal spine long, slightly curved, with minute spinules, slightly longer than rostral spine; rostral spine straight, with minute spinules, slightly longer than antennal protopod; lateral spines short; 1 pair of posterodorsal setae present; each ventral margin with 8 dentricles and spinules; eyes sessile.
Antennule ( Fig. 2E ): Uniramous; endopod absent; exopod with 2 long, stout aesthetascs, 1 shorter, thinner aesthetasc and 2 small setae, all terminal. Antenna ( Fig. 2F ): Protopod spinulate distally, slightly shorter than rostral spine; exopod shorter than protopod, simple distally, with 1 large and 1 smaller medial spines. Endopod absent.
Mandibles ( Fig. 2G ): Asymmetrical; right molar with 3 teeth and left molar without tooth, confluent with incisor process; endopod palp absent.
Maxillule ( Fig. 2H ): Coxal endite with 5 setae; basial endite with 5 plumodenticulate setae; endopod 2-segmented, proximal segment with 1 seta, distal segment with 5 (1 subterminalþ4 terminal) setae.
Maxilla ( Fig. 2I ): Coxal endite bilobed, with 4þ3 setae; basial endite bilobed, with 5þ4 setae; endopod bilobed, with 2þ2 setae; exopod (scaphognathite) margin with 4 plumose setae plus distal stout process.
First maxilliped ( Fig. 2J ): Coxa without seta; basis with 10 setae arranged 2, 2, 3, 3; endopod 5-segmented with 2, 2, 1, 2, 5 (1 subterminalþ4 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Second maxilliped ( Fig. 2K ): Coxa without seta; basis with 4 setae arranged 1, 1, 1, 1; endopod 3-segmented, with 0, 1, 6 (3 subterminalþ3 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Third maxilliped: Absent. Pereiopods: Absent. Pleon ( Fig. 2L ): 5 pleomeres; pleomere 2 with pair of lateral processes directed anteriorly; pleomeres 3 and 4 each with pair of lateral processes directed posteriorly; pleomeres 2-5 with 1 pair of posterodorsal setae; pleopods absent.
Telson (Fig. 2L, M ): Posterior margin with 3 pairs of stout spinulate setae; each fork long, with row of spinules on inner and outer margins, proximal half of dorsal surface smooth, distal half of dorsal surface densely spinulate, tip smooth.
Hemigrapsus sanguineus (De Haan, 1835) ( Fig. 3A-D Morphology.-Carapace (Fig. 3A) : Dorsal spine long, slightly curved, slightly longer than rostral spine; rostral spine straight, slightly longer than antennal protopod; lateral spines short; 1 pair of posterodorsal setae present; each ventral margin with 10 dentricles and minute spinules; eyes sessile.
Antennule (Fig. 3B ): Uniramous; endopod absent; exopod with 2 long, stout aesthetascs, 1 shorter, thinner aesthetasc and 1 long, 1 smaller setae, all terminal. Antenna ( Fig. 3C ): Protopod spinulate distally, slightly shorter than rostral spine; exopod shorter than protopod, simple distally, with 1 large and 2 smaller medial spines. Endopod absent.
Telson ( Fig. 3D ): Posterior margin with 3 pairs of stout spinulate setae; each fork long, with row of spinules on inner and outer margins, dorsal surface densely spinulate, tip smooth.
Hemigrapsus longitarsis (Miers, 1879) ( Fig. 3E, F ) Morphology.-Antennule (Fig. 3E ): Exopod with 2 long, stout aesthetascs, 1 shorter, thinner aesthetasc and 1 long, 1 smaller setae, all terminal.
Telson ( Fig. 3F ): Posterior margin with 3 pairs of stout spinulate setae; each fork long, with row of spinules on inner and outer margins, dorsal surface sparsely spinulate, tip smooth.
Hemigrapsus oregonensis (Dana, 1851) ( Fig. 4 ) Size.-CL 0.46 6 0.02 mm. SL 1.21 6 0.02 mm.
Morphology.-Carapace (Fig. 4A-D) : Dorsal spine long, slightly curved, with minute spinules, slightly longer than rostral spine; rostral spine straight, with minute spinules, longer than antennal protopod; lateral spines short; 1 pair of posterodorsal setae present; each ventral margin with 5 dentricles and minute spinules; eyes sessile.
Antennule (Fig. 4E ): Uniramous; endopod absent; exopod with 2 long, stout aesthetascs, 1 shorter, thinner aesthetasc and 1 small seta, all terminal. Antenna ( Fig. 4F ): Protopod spinulate distally, shorter than rostral spine, reach to approximately distal third of rostral spine; exopod slightly shorter than protopod, spinulate distally, with 1 large medial seta and 3 smaller medial spines. Endopod absent.
Mandibles (Fig. 4G ): Asymmetrical; right molar with 3 teeth and left molar without tooth, confluent with incisor process; endopod palp absent.
Maxillule (Fig. 4H ): Coxal endite with 5 setae; basial endite with 5 plumodenticulate setae; endopod 2-segmented, proximal segment with 1 seta, distal segment with 5 (1 subterminalþ4 terminal) setae. Maxilla ( Fig. 4I) : Coxal endite bilobed, with 3þ3 setae; basial endite bilobed, with 5þ4 setae; endopod bilobed, with 2þ2 setae; exopod (scaphognathite) margin with 4 plumose setae plus distal stout process.
First maxilliped (Fig. 4J ): Coxa without seta; basis with 10 setae arranged 2, 2, 3, 3; endopod 5-segmented with 2, 2, 1, 2, 5 (1 subterminalþ4 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Second maxilliped (Fig. 4K ): Coxa without seta; basis with 4 setae arranged 1, 1, 1, 1; endopod 3-segmented, with 0, 1, 6 (4 subterminalþ2 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Third maxilliped: Absent. Pereiopods: Absent. Pleon ( Fig. 4L ): 5 pleomeres; pleomere 2 with pair of lateral processes directed anteriorly; pleomere 3 without lateral process; pleomeres 2-5 with 1 pair of posterodorsal setae; pleopods absent.
Telson (Fig. 4L, M ): Posterior margin with 3 pairs of stout spinulate setae; each fork long, with row of spinules on inner and outer margins, spinules of inner margin increased in size toward tip, proximal half of dorsal surface smooth, distal half of dorsal surface densely spinulate, tip smooth.
Hemigrapsus nudus (Dana, 1851) ( Morphology.-Carapace (Fig. 5A-D) : Dorsal spine long, slightly curved, with minute spinules, slightly longer than rostral spine; rostral spine straight, with minute spinules, longer than antennal protopod; lateral spines short; 1 pair of posterodorsal setae present; each ventral margin with 10 dentricles and minute spinules; eyes sessile. Antennule ( Fig. 5E ): Uniramous; endopod absent; exopod with 2 long, stout aesthetascs, 1 shorter, thinner aesthetasc and 1 small seta, all terminal. Antenna ( Fig. 5F ): Protopod spinulate distally, shorter than rostral spine, reaches to approximately proximal third of rostral spine; exopod shorter than protopod, spinulate on distal half, with 1 large and 1 smaller medial spines. Endopod absent.
Mandibles (Fig. 5G ): Asymmetrical; right molar with 1 tooth and left molar without tooth, confluent with incisor process; endopod palp absent.
Maxillule (Fig. 5H ): Coxal endite with 5 setae; basial endite with 5 plumodenticulate setae; endopod 2-segmented, proximal segment with 1 seta, distal segment with 5 (1 subterminalþ4 terminal) setae.
Maxilla (Fig. 5I) : Coxal endite bilobed, with 4þ3 setae; basial endite bilobed, with 5þ4 setae; endopod bilobed, with 2þ2 setae; exopod (scaphognathite) margin with 4 plumose setae plus distal stout process.
First maxilliped (Fig. 5J ): Coxa without seta; basis with 10 setae arranged 2, 2, 3, 3; endopod 5-segmented with 2, 2, 1, 2, 5 (1 subterminalþ4 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Second maxilliped (Fig. 5K ): Coxa without seta; basis with 4 setae arranged 1, 1, 1, 1; endopod 3-segmented, with 0, 1, 6 (3 subterminalþ3 terminal) setae, respectively; exopod 2-segmented, distal segment with 4 terminal natatory plumose setae.
Third maxilliped: Absent. Pereiopods: Absent. Pleon ( Fig. 5L ): 5 pleomeres; pleomere 2 with pair of lateral processes directed anteriorly; pleomere 3 with pair of lateral process posteriorly; pleomeres 2-5 with 1 pair of posterodorsal setae; pleopods absent.
Telson (Fig. 5L, M ): Posterior margin with 3 pairs of stout spinulate setae; each fork long, with a row of transverse spinules on proximal a quarter, with row of spinules on inner and outer margins, spinules of inner margin increased in size toward tip, proximal half of dorsal surface smooth, distal half of dorsal surface densely spinulate, tip smooth.
DISCUSSION
In the present study, the first zoeae of Hemigrapsus penicillatus and H. sinensis show some differences from those described by Hwang and Kim (1995) and by Kim and Moon (1987) . The differences (see Tables 3 and 4) include the presence of minute spinules or small medial spines on the carapace (Figs. 1B, 1C, 2B, 2C ) and the antennal exopod (Fig. 1F) , the number of aesthetascs or setae in the antennule (Figs. 1E, 2E ) and the maxilla (Fig. 1I) , and the presence of spinules on the dorsal surface of the fork of telson (Figs. 1L,  1M, 2L, 2M ). Previous descriptions may have overlooked a number of characters because the first zoeae of the four Asian Hemigrapsus are quite small in size (CL ¼ mean 0.39 mm) compared to those of other brachyuran families: CL ¼ 0.49 mm in a leucosiid Philyra platychira de Haan, 1841, 0.84 mm in a cheiragonid Telmessus acutidens (Stimpson, 1858) , 0.92 mm in a xanthid Novactaea pulchella (A. Milne-Edwards, 1865), 0.72 mm in a majid Pugettia gracilis Dana, 1851 (see Ko, 2000 Ko, , 2006a Oh and Ko, 2007) . As the zoeae of H. penicillatus, H. sinensis, H. sanguineus, and H. longitarsis are similar to each other, a careful examination is required in order to identify them to species level. The zoea of H. sinensis can be distinguished by having lateral processes on the pleomeres 2 to 4 (Fig. 2L) , whereas the latter zoeae have lateral processes on the pleomeres 2 and 3 (e. g., Fig. 1L ). To identify the zoeae of three species of Hemigrapsus, the medial spines on the antennal exopod character that distinguishes the zoeae of the three remaining Hemigrapsus species. There is a large and a small medial spine in H. longitarsis (see Park and Ko, 2002, Fig. 1E) , a large and two small medial spines in H. sanguineus (Fig.  3C) , and a large and three small medial spines in H. penicillatus (Fig. 1F ). This character is considered to be consistent during the zoeal development by re-examining all five zoeal stages described for H. longitarsis by Park and Ko (2002) .
A comparison of the first zoeal characteristics of H. nudus and H. oregonensis as described by Hart (1935) and the present study is given in Table 5 . Hart (1935) reported that the main distinguishing characters separating the zoeae of H. nudus and H. oregonensis were the smaller size and the absence of lateral processes on the third pleomere (Fig. 4L ) of the latter. However additional characters include the antennal exopod and the fork of telson. In H. nudus, the antennal exopod has two unequal medial spines (Fig. 5F ) compared with a medial seta and three small medial spines in H. oregonensis (Fig. 4F) . With the respect to the telson fork, a row of transverse spinules on the dorsal surface is present in H. nudus (Fig. 5L, 5M ) but absent in H. oregonensis (Fig. 4L, 4M ). Park and Ko (2002) provided a provisional key for 27 species of Korean grapsoid zoeae belonging to Pachygrapsus, Plagusia, Sesarma, Acmeopleura, Eriocheir, Gaetice, Hemigrapsus, Chasmagnathus, Cyclograpsus, and Helice. They described zoeal characteristics for Asian species of Hemigrapsus as follows: 1) carapace with dorsal, rostral and lateral spines present; 2) antennal exopod with 2 medial spines, more than 40% in length of protopod (except in H. sinensis); 3) endopod of maxillule with 1, 1þ4 setae; 4) Table 3 . Differences between the first zoeal characteristics of Hemigrapsus penicillatus as described by Hwang and Kim (1995) Table 4 . Differences between the first zoeal characteristics of Hemigrapsus sinensis as described by Kim and Moon (1987) endopod of maxilla with 2þ2 setae; 5) endopod of second maxilliped with 0, 1, 6 setation; 6) lateral processes almost on pleomeres 2 and 3 (except in H. sinensis); 7) telson fork without outer spine. Nevertheless, with the present zoeal study of six species of Hemigrapsus from the northern Pacific, additional detailed character information with regard to carapace spines, antennal exopod, and maxillipeds I and II can be described for this genus. These characters include 1) length of dorsal carapace spine 50%-75% of carapace length; 2) length of rostral carapace spine 40%-70% of carapace length; 3) lateral carapace spine short; 4) length of antennal exopod 40%-60% of length of antennal protopod, exopod with 1 large medial spine or seta and 1-3 smaller medial spines; 5) endopod of maxillule with 1, 1þ4 setae; 6) endopod of maxilla with 2þ2 setae; 7) basis of first maxilliped with 10 (2, 2, 3, 3) setae, first segment of endopod with 2 setae; 8) basis of second maxilliped with 4 (1, 1, 1, 1) setae, endopod with 0, 1, 6 setae; 9) lateral processes always on pleomere 2 and usually on pleomere 3, rarely on pleomere 4; 10) telson fork unarmed. For first zoeae of Hemigrapsus, the separation of two American species (H. nudus and H. oregonensis) and four East Asian species (H. penicillatus, H. sanguineus, H. longitarsis, and H. sinensis) is possible on the basis of the tip of the antennal exopod, which is spinulate in the former (Figs. 4F, 5F ), but is not spinulate in the latter (Figs. 1F, 2F, 3C ). The following provisional key is provided to aid in the identification of six first zoeae of Hemigrapsus. The characteristics employed are usually consistent during the zoeal development.
Key to six known first zoeae of Hemigrapsus in the northern Pacific 
